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(54) Coupling optical waveguides by fusion or photosensitive monomer-polymer conipositions 

(57) l\1ovably retained (at 13) first 1 1 and second 12 optical parts are coupled by overlapping at least a part of 
facing optical coupling faces lid, 12d of waveguides 11a, 12a of these parts and fusing the optical coupling 
faces of these parts. 

Optical parts 103, 104 are coupled by feeding a refractive index imaging material 105 serving as an 
adhesive and forming a refractive index distribution 106 according to the intensity of light at a gap between 
the optical parts 103, 104. 

Refractive index imaging materials comprising a binder, photosensitive monomer and 
photopolymerisation initiator are also disclosed. 

FIG. 2 (b) 
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COUPLING OF OPTICAL PARTS AND REFRACTIVE INDEX 
IMAGING MATERIALS THEREFOR 
The present invention relates to the coupling of 
optical parts and to refractive-index imaging materials 
5 therefor. In particular it relates to the coupling of 
optical parts such as optical waveguides and optical 
devices in optical communication and optical 
interconnection and to a material used for coupling the 
optical parts • 

10 Optical parts are used for various optical 

Information processing systems Including optical 
Interconnection and optical communication. For example, 
light emitted from a light source such as a semiconductor 
laser or the like Is transmitted through a waveguide or 

15 optical fiber and the transmitted light Is change into 
electric signals by a photodiode or the like. 

A high coupling efficiency is required for optical 
coupling between optical parts • To obtain a high 
coupling efficiency, it is necessary completely to 

20 align optical electromagnetic fields between optical 
parts. Therefore, It is necessary to equalize the 
diameters of optical coupling faces at a joint between 
the optical parts and minimize optical axis 
misalignment and angular misalignment of the optical 

25 parts. To realize them. It Is necessary accurately to 
align the coupling faces between optical parts. 
However, it is not easy to improve the alignment 
accuracy. Therefore, a method for easily and 
efficiently optically-coupling optical parts such as 

30 optical fibers and optical devices is requested. 

Figs. l(a)tol(c)of the accompanying drawings 
are side views illustrating a conventional method for 
optical-coupling two optical fibers. 

Optical fibers 1 and 2 have a structure in which 

35 cores la and 2a are enclosed by clads lb and 2b and 



2 



the cores la and 2a have larger refractive index than the 
clads lb and 2b* 

To optically couple the optical fibers 1 and 2, as 
shown in Fig. 1 (a)^ the optical fiber 2 is secured to a 
5 fiber securing portion 3 and the optical fiber 1 is set 
to a mobile stage 4. Then, an operator moves the mobile 
stage 4 while observing it with a microscope 5 to 
accurately align the edge of the core 2a of the optical 
fiber 2 with that of the core la of the optical fiber 1 
10 as shown in fig, 1 (b). After the alignment is completed, 
the joint between the optical fibers 1 and 2 is welded 
with an arc discharge apparatus 6. 

However, the above method for optically coupling 
optical parts has a problem that optical coupling between 
15 optical parts cannot easily be performed because it is 
necessary to previously perform accurate alignment. 

A measure for solving the above problem Is required 
and also requested for optical coupling between optical 
fibers or a coupler for optically coupling a lights 
20 emitting device or light-detecting device with an optical 
fiber or optical waveguide. 

To accurately couple optical parts, the official 
gazettes of Japanese Patent Laid-Open Nos. Sho. 53-108452 
and Sho. 64*6909 disclose a method for melting the edges 
25 of two optical fibers and coupling them by the surface 
tension. However, these official gazettes only disclose 
the coupling between optical fibers but do not disclose 
the coupling between other optical parts. 

Moreover, accurate optical coupling between optical 
30 parts is considered by using couplers. 

These couplers are described in the following 
documents . 

[1] Optical communication device optics - Light-emitting 
and light-detecting devices. Written by Hiroo Yonezu, 
35 Issued by Kogakutosho, Japan 

[2) Optical fiber technology in ISDN age. Written by 
Katsuhlko Okubo, Issued by Rlkogakusha, Jap n 
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[3] Optical communication handbook. Edited by Hlroshl 
Hlrayama et al.. Issued by Kagakushlnbunsha, Japan 

These documents show that an edge mittlng laser has 
a rectangular structure with an active layer of approx* 
5 hundreds of nanometers by several microns and its 
radiation angle ranges between 20 and 60° in the vertical 
direction and between 5** and 20° in the horizontal 
direction. A surface emitting LED has a large emitting 
region diameter of 30 to 40 pm and a radiation angle of 
10 approx. 120°. 

In this connection, a single-mode optical fiber has 
a core diameter of several to 10 microns and a multiple- 
mode optical fiber has a core diameter of several tens of 
microns. Therefore, to couple an optical semiconductor 
15 device with an optical fiber, accurate alignment at 1* 
micron order Is requested to decrease the coupling loss. 

When accurately aligning and directly coupling a 
light-emitting device with an optical fiber by contacting 
the edge of the device with that of the fiber, more 
20 concretely, for direct coupling of an edge emitting laser 
with a single-mode optical fiber, the coupling efficiency 
comes to 30%. For direct coupling of the edge emitting 
laser with a multiple-mode optical fiber, the coupling 
efficiency comes to 50%. For direct coupling of a surface 
25 emitting LED with the multiple-mode optical fiber, the 
coupling efficiency comes to approx. 6%. 

A method for setting a lens between an edge emitting 
laser and single-mode optical fiber is studied as the 
method for coupling the laser with the fiber. In this 
30 case, the coupling efficiency is approx. 50%. However, 
op'tical coupling becomes further difficult because the 
number of parts requiring accurate alignment increases. 

For direct coupling of an optical fiber with a 
waveguide, a coupling efficiency of 56 to 79% is obtained 
35 by equalizing the core diameter of the waveguide edge 
diameter with that of the optical fiber and preventing 
misalignment of axes. 
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However, there is a problem that the direct coupling 
of the waveguide with the optical fiber is not easy 
because the core diameters of the waveguide and optical 
fiber are limited and accurate alignment at 1 pm order is 
5 requested. 

Moreover, a method different from the above direct 
coupling and lens coupling methods is proposed. In the 
official gazettes of Japanese Patent Laid-open Nos. Sho* 
55-4353B and Sho. 60-173508, it is proposed to use a 

10 material whose refractive index changes by applying light 
to the material. 

However, the optical coupler connection method 
proposed in the former laid-open official gazette {Laid- 
Open No. Sho. 55-43538) includes a method for 

15 manufacturing an optical coupler characterized by applying 
light to the optical coupler substrate made of a material 
whose refractive index bhanges firoportlcmally to a light 
Intensity from a position where light should be inputted 
or outputted and changing the refractive Index of the 

20 optical coupler substrate so as to form an optical 
waveguide in self -alignment. To use the optical coupler, 
it is necessary to arrange and secure optical parts 
including optical fibers to be coupled by the optical 
coupler. Therefore, for example, a hole for inserting an 

25 optical fiber is formed on the optical coupler. 

In the latter laid-open official gazette (Laid-Open 
No. Sho. 60-^173508), an optical waveguide connection method 
is proposed which is characterized by setting a phase- 
change-type photosensitive medium material between two 

30 waveguides faced each other, applying light to the 
photosensitive medium material from the both waveguides, 
and locally denaturalizing the photosensitive medium so 
as to form a waveguide for optical coupling. 

The laid-open official gazette purposes to set a 

35 photosensitive medium material between waveguides to be 
mutually connected, form a waveguide for optical coupling 
In it, and th reby decrees a loss due to misalignment of 



optical axes and it is preferable to set the Interval 
between waveguides to 0.1 mm or less and use ultraviolet 
rays as the light to be applied to the photosensitive 
medium material. As a result, though the light spreads 
due to diffraction in the photosensitive medium material, 
a waveguide for coupling with a small spread is formed. 
The optical coupling disclosed in the laid-open official 
gazette uses connection between waveguides formed In the 
photosensitive medium and misalignment between waveguides 
tP be connected is also taken over between waveguides in 
the photosensitive medium. Therefore, It is Impossible 
to correspond to a large misalignment exceeding a core 
diameter. 

The following materials can be used for the optical 
coupler. 

For example, the previous former laid**open official 
gazette (Lald-Open No. Sho. 55-43538) discloses that a 
chalcogenlde-based amorphous semiconductor or 
macromolecular material containing photopolymerlzable 
monomer Is used for the optical coupler and the latter 
laid-open official gazette discloses that the photopolymer 
made by DU PONT LIMITED, Photoresist KPR (trade name) made 
by KODAK LOMITED, and U.V. 57 (trade name) made by OPTION 
CHEMICAL LIMITED are known. 

The following are refractive-index imaging materials 
whose refractive indexes change by applying light to them. 

For example, the official gazette of Japanese Patent 
Laid-open No. Hel. 2-3081 discloses a material made of 
thermoplastic polymers, ethylene-based unsaturated 
monomers, and polymerization initiator. The official 
gazette of Japanese Patent Lald-Open No, Hel. 2-3082 
discloses a material made of interpolymers containing such 
segments as polyvinyl acetate, polyvinyl butyral, 
polyvinyl acetal, and polyvinyl formal as the main part, 
or made of polymerizable binder selected among groups made 
of the mixture of the segments, ethylene-based unsaturated 
monom rs, and optical initiator* The official gazette 
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of Japanese Patent Laid-Open No. Hei. 3-50588 discloses 
a material made of solvent-soluble fluorine-contained 
polymerizable binder, ethylene-based unsaturated monomers, 
and photopolymerization initiator. Moreover, the official 
5 gazette of Japanese Patent Laid-Open No. Hei. 3-36582 
discloses a material made of allyl diglycol carbonate, 
2, 2, .bis{3, 5-dibromo-4-( 2-mathasryroiloxiethoxy) phenyl) 
propane, and photopolymerization initiator. 

However, these materials have a low heat resistance 
10 because they use thermoplastic resin and methacryroil- 
based polymeric products as binder. 

Embodiments of the present invention aim to 
provide a method for coupling optical parts which 
simplifies optical coupling between optical parts and 
15 Improves the optical coupling efficiency and also to 
provide a refractive-index imaging material used for 
the optical coupling. 

According to a first aspect of the present 
Invention, a first optical waveguide is coupled with a 
20 second optical waveguide by relatively movably 

retaining the waveguides, facing the optical coupling 
faces of the waveguides with each other, and fusing the 
optical coupling faces of them. 

When the optical coupling faces of the first and 
25 second optical waveguides are fused, surface tension 
works on the fused portions. In this case, because the 
first and second optical waveguides are retained so as 
to be movable relative to one another, the first and 
second optical waveguides relatively move each other by 
30 the fact that the surface tension works on the fused 
portions. 

Because the surface tension works so as to minimize 
the surface area of a fused object in general, the first 
and second optical waveguides move in the direction in 
35 which the surface areas of the fused portions of the 
waveguides are minimized. As a result, the waveguides are 
coupled under the stat in which the optical axes f th 
waveguides are almost completely aligned and the optical 
coupling efficiency Is maximized. 



According to a second aspect of present Invention, 
optical parts are optically coupled to each other by 
8 curing the coupling faces of optical parts so that 
the parts face ach oth r at an Interval, feeding an 
adhesive refractive- Index Imaging material between the 
optical parts, applying light to the material from at 
least one of the parts, and thereby forming a 
retractive index distribution having the beam- 
condensing lens effect. 

lb form the beanncandesing refractive-index: distributicxi, in 
ooB enbodimMt, it is necessary to keep the distance between 
the optical parts at 0.1 mm or more. This condition is 
contrary to the condition preferred to form a waveguide 
disclosed in the official gazette of Japanese Patent Laid- 
Open No. Sho. 60-173508. It is desirable to use a long- 
wavelength light for the light for forming an refractive 
index in order to increase the spread of a beam after 
emitted from the optical part. However, it is easier to 
increase the distance between the optical parts because 
the spread of the beam is also limited depending on a 
characteristic such as the photosensitive wavelength zone 
of the refractive-index Imaging material. 

Thus, the coupling efficiency between the optical 
parts is improved by a refractive- index imaging material, 
a high accuracy is not requested for alignment of the 
parts, and the yield is improved. Moreover, because the 
optical parts to be coupled are secured and the 
refractive-index imaging material is supplied before the 
refractive-index distribution is formed by using the light 
emitted from the optical part, the refractive-index 
distribution is formed in self -alignment in accordance 
with the positions where the optical parts are secured. 
Therefore, the optical parts can be secured by rough 
alignment and moreover, the labor for forming optical 
fiber inserting holes to arrange and secure the devices 
to be coupled is unnecessary. 

According to a third aspect of the present 
invention, alicycllc epoxy, chain epoxy, organic 
denatured silicone. 



8 



and copolymer having an ethylene unsaturated compound 
having a hydroxyl group at the end In its building block 
or copolymer having an ethylene unsaturated compound 
containing silicone in its building block are used as the 
binder constituting the refractive-index imaging material 
used for optical coupling of optical parts* Moreover, a 
mixture having multifunctional acrylate or multifunctional 
methacrylate and an ethylene unsaturated monomer 
containing aromatic rings or halogen are used as the 
optical reaction monomer constituting the refractive- index 
imaging material. Furthermore, optical initiator is 
contained in the refractive-index imaging material. 

The above refractive-index Imaging material is able 
to form a refractive- index distribution only by applying 
light and moreover, able to core by heating a binder 
compound of applying light because a compound having the 
above reactive group can be used as binder, and has a high 
durability. Furthermore, when using the refractive^index 
imaging material, a refractive-index distribution having 
the lens effect of a high refractive index can be fomed in 
accordance with a light intensity because the monomer 
density in the region where monomers are polymerized by 
applying light with a certain wavelength increases. After 
optical devices are coupled by using the refractive-index 
imaging material and a refractive-index distribution 
having the lens effect is formed by applying light from 
the optical devices, unreacted monomers in the material 
react by either light application or heating. 

By using the above coupling method and refractive- 
index imaging material, optical parts can be efficiently 
coupled by rough aliqiunent. 

Reference will now be made, by way of example, to 
the accompanying drawings, in which: 

Figs. l(a)tol(c) are side views showing an 
existing optical coupling method; 

Figs. 2 (a) and 2 (b) and 3 (a) and 3 (b) are side 
views showing the steps of the optical coupling method of 
the first embodiment of the pr s nt Inv ntion; 



Fig. 4 is a side view showing the optical coupling 
method of the second embodiment of the present inv ntion; 

Fig. 5 is a side view showing the Initial state of 
the optical coupling method of the third embodiment of the 
present invention; 

Fig. 6 is a perspective view showing the initial 
state of the optical coupling method of the third 
embodiment of the present invention; 

Figs. 7 (a) to 7 (c) are side views showing the steps 
of the optical coupling method of the third embodiment of 
the present invention; 

Fig. 8 is a side view showing the initial state of 
the optical coupling method of the fourth embodiment of 
the present invention; 

Figs. 9 (a) to 9 (d) are side views showing the steps 
of the optical coupling method of the fourth embodiment 
o£ the present invention; 

Fig. 10 is a side view showing the optical coupling 
method of the fifth embodiment of the present invention; 

Fig. 11 is a perspective view showing the initial 
state of the optical coupling method of the sixth 
embodiment of the present invention; 

Figs. 12 (a) to 12 (c) are side views showing the 
steps of the optical coupling method of the sixth 
embodiment of the present invention; 

Fig. 13 is a perspective view showing the initial 
state of the optical coupling method of the seventh 
embodiment of the present invention; 

Figs. 14 (a) to 14 (d) are side views showing the 
steps of the optical coupling method of the seventh 
embodiment of the present invention; 

Fig. 15 (a) is a perspective view showing the initial 
state of the optical coupling method of the eighth 
embodiment of the present invention and Figs. 15 (b) to 
15 (d) are sectional views showing the optical coupling 
method of the eighth embodiment of the present invention; 
Fig. 16 is a s ctional view showing another 
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configuration of the optical coupling method of the eighth 
embodiment of the present invention; 

Fig, 17 is a refractive- index distribution diagram 
between optical parts coupled by the eighth embodiment of 
the present invention; 

Fig. 18 is an illustration showing a light 
propagation pattern between optical parts coupled by the 
eighth embodiment of the present invention; 

Fig. 19 is a refractive«index distribution diagram 
between optical parts with misalignment of optical axes 
coupled by the eighth embodiment of the present invention; 

Fig. 20 (a) is a sectional view showing the state of 
coupling the optical fiber with the semiconductor laser 
in the eighth embodiment of the present invention. Fig. 
20 (b) is a sectional view showing the state of coupling 
the optical fiber with the semiconductor laser in the 
eighth embodiment of the present invention, and Fig. 20 
(c) is a sectional view showing the state of coupling the 
optical fiber with the photodiode in the eleventh 
embodiment of the present invention; 

Figs. 21 (a) to 21 (d) are sectional views showing 
the steps of the optical coupling method of the ninth 
embodiment of the present invention; 

Figs. 22 (a) to 22 (c) are sectional views showing 
the steps of the optical coupling method of the t«th 
embodiment of the present invention and Fig. 22 (d) is a 
sectional-' view showing another configuration of the 
optical coupling method of the tenth embodxinent of the 
present invention; 

Figs. 23 (a) to 23 (c) are sectional views showing 
the steps of the optical coupling methods of the 
twelfth to seventeenth embodiments of the present 
invention and Fig. 23 (d) is a sectional view showing 
another configuration of the optical coupling methods of 

the twelfth to seventeenth embodiments of the present 
invention; and 

Fig. 24 (a) is a perspective view showing th initial 
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state of the optical coupling method of the eighteenth 
embodiment of the pr sent Invention and Figs. 24 (b) to 
24 (c) are sectional views showing the steps of the 
optical coupling method of the eighteenth embodiment of 
the present invention. 

(First embodiment) 

Figs. 2(a), 2(b), 3(a) and 3(b) show the optical 
coupling steps of the first embodiment of the present 
invention. 

In these figures, symbols 11 and 12 are first and 
second optical parts, and concretely they show optical 
fibers. 

The optical fibers 11 and 12 comprise cores 11a and 
12a in which light is confined, clads lib and 12b for 
concentrically enclosing the cores 11a and 12a, and 
Jackets 11c and 12c for protecting the clads lib and 12b« 

The refractive index of the cores 11a and 12a Is 
larger than the refractive index of the clads lib and 12b. 
The light incoming from the edge of an optical fiber Is 
confined in the cores 11a and 12a and propagates in the 
optical fiber. 

The cores 11a and 12a and the clads lib and 12b use 
a fusible optical waveguide material. Though the optical 
waveguide material Is not restricted as long as it Is 
fused by heating and transparent for guided light, organic 
materials and glass are particularly desirable. 

For example, organic materials include thermoplastic 
resins such as polymethyl methacrylate, polystyrene, 
polyester, polycarbonate, polyolefin, styrene-methyl- 
methacrylate copolymer, styrene-acrylonitrile copolymer, 
and poly-4-methylpentene-l-polyvinyl chloride. Moreover, 
it Is possible to use thermosetting or photo*curlng resins 
such as epoxy resin, polyamide, crosslinkable polyester, 
crossllnkable polyacrylate, and silicon In order to 
Improve the heat reslstanc and m chanlcal strength after 
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fusion. Furthermore, it is possible to 

thermopolymerizable or photopolyinerizable monomers such 
as styrene, methacrylate, acrylate, acrylic compound, and 
isocyanate compound. 
5 It is also possible to use hybrid materials made by 

mixing the above resins and monomers. 

Moreover, it is possible to properly add 
polymerization initiator to the mixed hybrid materials so 
as to quickly start polymerization by heat or light. 

10 Furthermore, it is possible to use a proper additive to 
the materials in order to adjust the properties such as 
the viscosity, fusing temperature, refractive index, and 
transparency of them. In this case, even if the material 
is liquid, it is possible to fuse it by increasing the 

15 viscosity of the material. 

The glass material can use soda glass,, pyrex, or 
quartz. It Is also possible to add a proper additive to 
the material in order to adjust the properties of the 
material such as the fusing temperature, refractive index, 

20 and transparency. 

The following Is the description of optical coupling 
of an optical fiber. 

An optical fiber 11 is set to a movable retainer 13. 
In the movable retainer 13, a fiber securing portion 13a 

25 Is coupled with a movable fiber retaining portion 13b for 
retaining the optical fiber 11 by a spring 13c and the 
movable fiber retaining portion 13b Is kept movable. The 
optical fiber 11 is secured to the movable fiber retaining 
portion 13b and kept movable relatively to a fiber 

30 securing portion 13a. 

The movable fiber retaining portion 13b is 
constituted so that it is movable from a fixed retainer 
14 for retaining an optical fiber 12 in order to position 
the optical coupling face lib (edges of the core 11a and 

35 clad lib) of the optical fiber 11 and the optical coupling 
face 12d (edges of the core 12 and clad 12b) of the 
optical fiber 12. These optical coupling faces lid and 
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12d are optically coupled each other by moving the movable 
fiber retaining portion 13b of the movable retainer 13 
from the fixed retainer 14, and facing and contacting the 
optical coupling face lid and the optical coupling face 
5 12d each other so that the faces are overlapped In at 
least 10% of the areas respectively. 

When the optical fibers 11 and 12 contact each other, 
the position of the fiber securing portion 13a of the 
movable retainer 13 is fixed. In this case, it is not 

10 necessary to position the optical fibers so that the edges 
of the both fibers are accurately aligned. 

As shown in Fig. 3 (a), the joint between the optical 
coupling face lid of the optical fiber 11 and the optical 
coupling face 12d of the optical fiber 12 is heated by a 

15 heater 15 using arc discharge to fuse the cores 11a and 
12a. 

Thereby, the cores 11a and 12a and the dads lib and 
12b are fused and united into one body and surface tension 
works on the surfaces of the clads lib and 12b to minimize 

20 the surface area of the side of the joint between the 
clads lib and 12b. The surface areas of the clads lib and 
12b are minimized when the center lines (optical axes) of 
the cores 11a and 12a are aligned. 

Therefore, a force for aligning the center lines of 

25 the cores 11a and 12a works on the cores 11a and 12a and 
clads lib and 12b. 

In this case, the optical fiber 11 is retained by the 
movable fiber retaining portion 13b so that it is movable 
and the optical fiber 12 is secured by the fixed retainer 

30 14. Therefore, a force for aligning the center lines of 
the optical fibers 11 and 12 works, the optical fiber 11 
moves in the direction of the arrow X in Fig. 3 (b), and 
the center lines of the optical fibers 11 and 12 are 
aligned. 

35 When heating is stopped, the optical fibers 11 and 

12 are coupled each other with their center lines aligned. 
When th center lines ar aligned, th optical coupling 
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efficiency increases because the optical coupling faces 
lid and 12d are aligned. It is also possible to forcibly 
cool the optical fibers 11 and 12 as soon as heating is 
stopped. 

5 Because the optical coupling faces lid and 12d of the 

optical fibers 11 and 12 are automatically aligned by the 
surface tension of the fused portion by using the movable 
retainer 13 for movably retaining the optical fiber 11 and 
contacting and fusing the optical faces lid and 12d of the 

10 optical fibers 11 and 12 each other, a high optical 
coupling efficiency is obtained without performing the 
existing laborious accurate alignment. 

The cores 11a and 12a and clads lib and 12b are made 
of a hydrophobic material or provided with hydrophobic 

15 treatment and the jackets 11c and 12c are made of a 
hydrophilic material or provided with hydrophilic 
lireatment. Thus, because the hydrophobic material and 
hydrophilic material hardly get intimate with each other, 
fused cores 11a and 12a and clads lib and 12b do not 

20 spread on the Jacket 11c and thereby the cores 11a and 12a 
and clads lib and 12b are optically coupled at a high 
yield. 

The hydrophobic material is an organic material 
having "-0H" group and "-COOH" group in its molecule^ 

25 which includes polyvinyl alcohol, polyphenol, polyvinyl 
butyral, polyvinyl formal, and copolymer of them. The 
hydrophobic treatment is to coat a surface with a 
hydrophobic material. 

The hydrophilic material is an organic material 

30 having no or a little "-0H" or "-C0OH" group but having 
"-F" in its molecule, which includes fluorine resin, 
polystyrene, polycarbonate, and silicon resin. The 
hydrophilic treatment is to coat a surface with a 
hydrophilic material. 

35 (Second embodiment) 

Fig. 4 shows a sectional view of the second 
embodiment of the present Invention. 
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In Fig. 4, symbols 16 and 17 represent optical 
waveguide plates. Th basic materials 16a and 17a of them 
correspond to the clads lib and 12b shown In Figs. 1 and 
2, which are made of the same material as the clads lib 
5 and 12b. A plurality of optical waveguides 16b and 17b 
formed in the basic materials are made of the same 
material as the cores 11a and 12a. 

The basic material 16a of the optical waveguide plate 

16 Is retained by a movable retaining portion 18a of a 
10 movable retaining stage 18. The basic material 17a of the 

optical waveguide plate 17 is retained by a fixed 
retaining stage 19. These optical waveguide plates 16 and 

17 are arranged so that they are faced each other and the 
optical waveguides 16b and 17b at the facing side are 

15 protruded from the basic materials 16a and 17a and formed 
so that they are at least partially overlapped. 

By facing and fusing a plurality of optical 
waveguides 16b and a plurality of optical waveguides 17b, 
the optical waveguides 16b and optical waveguides 17b 

20 faced each other are automatically aligned by a surface 
tension generated when they are fused and optically 
coupled at a high efficiency similarly to the description 

for Figs. 2 and 3. 

Though the optical waveguide plate 16 is retained by 

25 the movable retaining stage 18 In the above description, 
it is also possible to fuse the optical waveguides 16b and 
17b by movably mounting the optical waveguide plate 16 on 
the optical waveguide plate 17 and contacting the optical 
waveguides 16b of the plate 16 with the optical waveguides 

30 17b of the plate 17. In this case, because the optical 
waveguide plate 16 is not fixed, it moves on the optical 
waveguide plate 17 and alignment is automatically 
performed according to the same principle as the case of 
the first embodiment. 

35 (Third embodiment) 

In Figs. 5 and 6, symbol 21 represents an optical 
waveguide plat serving as a first optical part and 22 
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represents an optical waveguide plate serving as a second 
optical part. 

The optical waveguide plate 21 has a structure in 
which an optical waveguide 21b is formed on a basic 
5 material 21a. An optical coupling portion 21c is 
protruded and formed at a plurality of positions on the 
optical waveguide 21b. The optical coupling portion 21c 
Is made of the same material as the optical waveguide 21b, 
which is applied to and formed on the optical waveguide 

10 21b after the optical waveguide 21b is formed on the basic 
material 21a. 

The optical waveguide plate 22 has a structure in 
which an optical waveguide 22b is formed on a basic 
material 22a. On the optical waveguide 22b, an optical 

15 coupling portion 22c Is protruded and formed at a position 
corresponding to the optical coupling portion 21c formed 
on the optical waveguide 21b of the optical waveguide 
plate 21. The optical coupling portion 22c Is made of the 
same material as the optical waveguide 22b, which is 

20 formed by applying it onto the optical waveguide 22b. 

Figs. 7 (a) to 7 (c) show the optical coupling steps 
of the third embodiment of the present invention. 

As shown in Figs. 7 (a) to 7 (c), the optical 
waveguide plate 22 Is almost horizontally fixed so that 

25 the optical coupling portion 22c Is turned upward. Then, 
as shown In Fig. 7 (b), the waveguide plate 21 is mounted 
on the waveguide plate 22 so that the optical coupling 
face 21d of the optical coupling portion 21c of the 
optical waveguide plate 21 and the optical coupling face 

30 22d of the optical coupling portion 22c of the optical 
waveguide plate 22 are faced each other. In this case. 
It is permitted that the optical coupling faces 21d and 
22d are slightly misaligned. 

Then, as shown in Fig« 7 (c), the optical coupling 

35 portions 21c and 22c which are faced and contacted are 
fused to couple the optical waveguide s 21b and 22b faced 
each other. In this cas , because th optical waveguide 

I 



17 



plate 21 is only mounted on the optical waveguide plate 
22, they are automatically positioned by the surface 
tension when the optical coupling portions 21c and 22c are 
fused* Thus, the optical coupling portions 21c and 22c 
can optically be coupled securely and efficiently- It is 
possible to forcibly cool them after they are positioned. 
(Fourth embodiment) 

Fig. 8 shows a perspective view of the fourth 
embodiment of the present Invention. In Fig. 8, an 
optical waveguide plate 50 has optical waveguides 52a and 
52b formed on a basic material 51, 

Optical coupling faces 51al and 52bl protruded from 
the surface of the basic material 51 are formed at the 
optical coupling portions of the optical waveguides 52a 
and 52b. These optical coupling faces 51al and 52bl are 
formed by removing the optical waveguides 52a and 52b 
through etching or the like. A photodlode PDl Is 
optically coupled with the optical coupling face 52al and 
a semiconductor laser LDl is optically coupled with the 
optical coupling face 52bl. 

Fig. 9(a) to 9(d) shows optical coupling step 
diagrams of the fourth embodiment of the present 
Invention. 

The optical coupling method for the photodlode PDl 
and the semiconductor laser LDl is the same as that for 
the optical waveguide 52a with the optical waveguide 52b. 
Therefore/' the optical coupling method for the 
semiconductor laser LDl Is described below. 

First, as shown In Fig. 9 (a), the optical waveguide 
50 is supported so that the optical coupling face 52bl 
becomes approximately horizontal. 

Then, as shown in Fig. 9 (b), the semiconductor laser 
LDl is mounted on the optical coupling face 52bl in a free 
state so that the optical coupling face 53 of the laser 
LDl is butted against the optical coupling face 52bl of 
the optical waveguide 52b in 10% of the areas 
respectively • 
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Thereafter,^ as shown in Fig, 9 (c), the optical 
coupling portion 54 is heated by the heating method 
previously described. In this cas , because the 
semiconductor laser LDl is mounted on the optical coupling 
5 face 52bl in a free state, the optical axis of the LDl is 
automatically adjusted to the optical coupling face 52bl 
by the surface tension generated on the optical coupling 
portion 54 when the optical coupling portion 54 fuses. 
As a result, as shown in Fig. 9 (d), the optical coupling 
10 face 53 of the semiconductor laser LDl and the optical 
coupling face 52bl of the optical waveguide 52b are 
aligned and fused. Therefore, because the semiconductor 
laser LDl and the optical waveguide 52b are optically 
coupled without misalignment of optical axes, optical 
15 coupling is performed securely and efficiently. 

After positioning is completed, it is permitted to 
perform forcible cooling. 
(Fifth embodiment) 

Fig. 10 shows a perspective view of the fifth 
20 embodiment of the present invention. 

In Fig. 10, symbols 61 and 62 represent optical 
waveguides, 63 represents an optical fiber, and PD2 
represents an light -emitting diode. 

This embodiment optically couples an optical 
25 waveguide plates 61 and 62 and also optically couples an 
optical waveguide plate 61, optical fiber 63, and light- 
emitting diode PD2. 

An optical waveguide 62 is made by forming an optical 
waveguide 62bl and 62b2 in a basic material 62a and an 
30 optical coupling portions 62cl and 62c2 is protruded from 
and formed on the optical waveguides 62b and 62b2. The 
optical coupling portions 62cl and 62c2 is formed by 
applying the same material as the optical waveguides 62b. 

The optical waveguide plate 61 is made by forming the 
35 optical waveguides 61bl and 61b2 in the basic material 61a 
and optically coupled with the optical waveguides 62bl and 
62b2. An optical waveguide 61bl passing from n face 

i 
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through the other face of the optical waveguide plate 61 
and an optical waveguide 61b2 formed on the one face ar 
present on the optical waveguide plate 61. 

An optical coupling portion 61cl is formed on the 
5 optical waveguide 61bl by applying the same material as 
the optical waveguide 61bl to the one face of the optical 
waveguide plate 61, the optical coupling portion 61cl is 
optically coupled with an optical fiber 63 and the light- 
emitting diode PD2, and the optical waveguide 61bl is 

10 optically coupled with the optical waveguide 62bl of the 
optical waveguide plate 62 at the other face of the 
optical waveguide plate 61- 

The optical waveguide 61b2 is optically coupled with 
the optical waveguide 62b2 through the optical coupling 

15 portions 61c2 and 62c2. 

The optical waveguide plates 61 and 62 are optically 
coupled with each other at a high efficiency through the 
steps described In the third embodiment* The optical 
waveguide plate 62 and optical fiber 63 are optically 

20 coupled with the optical coupling portions 61cl and 62c2 
at a high efficiency through the steps described In the 
first embodiment- The light-emitting diode PD2 is 
optically coupled with the optical coupling portion 61cl 
at a high efficiency through the steps described in the 

25 fourth embodiment. 

As described above, it is possible to easily perform 
optical coupling of a plurality of optical parts by 
putting one optical part on another. 
(Sixth embodiment) 

30 Fig. 11 shows a perspective view of the sixth 

embodiment of the present invention. 

In Fig. 11, symbol 71 represents an optical waveguide 
plate. The optical waveguide plate 71 is made by forming 
an optical waveguide 71b in a basic material 71a. The 

35 optical waveguide 71b is protruded from the edge of the 
basic material 71a and the protruded portion forms an 
optical coupling portion 71c. The optical coupling 



portion 71c is formed by etching, for example, th dge 
of the basic mat rial 71a. 

It is also possible to form the optical coupling 
portion 7c by applying it. 
5 The optical coupling portion 71c is optically coupled 

with an optical fiber 72 and semiconductor laser LD2. 

Figs. 12 (a) to 12 (c) show the optical coupling 
steps of the sixth embodiment of the present invention* 
Because the optical fiber 72 and semiconductor laser LD2 

10 are optically coupled in the approximately same steps, 
only the optical coupling steps of the semiconductor laser 
LD2 and optical coupling portion 71c are described below. 

First, as shown in Fig. 12 (a), the semiconductor 
laser LD2 is retained by a movable retaining portion 73 

15 having a constitution almost same as the movable retainer 
13 shown in Fig. 1 so that it is movable in the direction 
of the arrow Y. Then, as shown in Fig. 11 (b), the light 
emitting face of the semiconductor laser LD2 is butted 
against the optical coupling face of the optical coupling 

20 portion 71c so that they are overlapped each other in at 
least 10% of the areas respectively. 

Then, as shown in Fig. 12 (c), the light emitting 
face of the semiconductor laser LD2 is fused with the 
optical coupling portion 71c. In this case, because the 

25 semiconductor laser LD2 is movably retained in the 
direction of the arrow Y, the core position Is 
automatically adjusted by the surface tension in fusing 
and optical coupling is performed securely and 
efficiently. 

30 After the positioning is completed, the fused portion 

is cooled* 

(Seventh embodiment) 

Fig. 13 shows a perspective view of the seventh 
embodiment of the present invention. 
35 In Fig. 13, symbol 81 represents a photodiode array 

and 91 represents an optical waveguide plate. 

The photodiode array 81 is constituted by forming a 
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plurality of photodiodes 81b on a semiconductor substrate 
81a. The optical waveguide plate 91 is constituted by 
forming a plurality of optical waveguides 91b on a basic 
material 91a at the same Intervals as the photodiodes 81b 
on the substrate 81a. 

The photodiode 81b is coated with an optical coupling 
portion 81c protruded from the photodiode array 81. The 
optical coupling portion 81c is made of a thermoplastic 
or photo-curing polymer. 

At a position to which the optical coupling portion 
81c of the photodiode 81b is connected on the optical 
waveguide plate 91, a surface treated portion 91c applied 
with hydrophilic or hydrophobic surface treatment 
different from the periphery of the position Is formed. 
It is also possible to apply the surface treatment to both 
the photodiode array 81 and optical waveguide plate 91. 
Moreover, it is possible to apply the surface treatment 
not to an optical coupling face but to the periphery of 
the face. 

It is possible to form an optical coupling portion 
made of a thermoplastic or photo-curing polymer in the 
optical coupling area of not the photodiode array 81 but 
the optical waveguide plate 91, or in the optical coupling 
areas of both the photodiode array 81 and optical 
waveguide plate 91. 

Figs. 14 (a) to 14 (d) show optical coupling step 
diagrams of the seventh embodiment of the present 
invention. 

First, as shown in Fig. 14 (a), the optical waveguide 
plate 91 is kept approximately horizontal so that the 
optical waveguide 91b turns upward. Thereafter, as shown 
In Fig. 14 (b), the photodiode array 81 is mounted on the 
optical waveguide plate 91 so that the optical coupling 
portion 81c of the photodiode array 81 faces the optical 
waveguide 91b of the optical waveguide plate 91. 

As shown in Fig. 14 (c), when the optical coupling 
portion 81c is fused, the photodlod 81 mov s horizontally 



22 



{in the direction of the arrow X in Fig. 14 (c)} and the 
optical coupling portion 81c and surface treated portion 
91c are positioned. And, by cooling the optical coupling 
portion 81c and surface treated portion 91c, the 
photodiode array 81 is optically coupled with the optical 
waveguide plate 91 as shown in Fig. 14 (d). 

After they are positioned, fused portions are cooled. 

Through the above steps, the photodiode array 81 and 
optical waveguide plate 91 are automatically positioned 
and optically coupled each other securely and efficiently. 

Optical parts to be optically coupled by the optical 
coupling method of the present invention are not 
restricted to those used for the first to seventh 
embodiments • 

Moreover, combinations of optical parts are not 
restricted to those in the first to seventh embodiments. 
(Eighth embodiment) 

Figs. 15 (a) to 15 (d) are sectional views showing 
the optical part coupling method of the eig^tb enixiditnant 
of the present invention. 

First, as shown in Fig. 15 (a), optical fibers 103 
and 104 are set to a V-groove 102 of a support substrate 
101 to secure them by facing them each other and giving 
a gap between the edges of them. In this case, the 
distance between the fiber edges is set to 0.1 mm or more. 

Then, a refractive-index imaging material whose 
refractive ' index increases by applying a light with a 
specific wavelength and which is dissolved in a solvent 
is dripped into the gap between the edges of the optical 
fibers 103 and 104 and their periphery as shown in Fig. 
15 (b). Then, they are left as they are for several hours 
to dry them. 

The refractive- index imaging material uses, for 
example, a material containing an allcyclic compound or 
chain compound having an epoxy group, ethylene unsaturated 
compound having an aromatic ring or halogen, 
multifunctional acrylate or methacrylat , and 
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photopolymerizatlon initiator. Other materials are 
described in later embodiments. 

Thereafter, light is applied to the refractive-index 
imaging material 105 from at least one of the optical 
5 fibers 103 and 104. Though it is desirable that the 
wavelength of the light is long, the wavelength is 
concretely selected by considering the photosensitive 
wavelength zone of the refractive-index imaging material 
105, 

20 It is estimated that a high refractive-index image 

is formed because polymerization of photopolymerizable 
monomers having a high refractive index at a portion 
exposed to the light starts, the monomer density is 
increased due to the polymerization, and a refractive- 

15 index difference occurs between the above portion and a 
portion at a low monomer density not exposed to the light. 
Refractlve-lndex imaging materials constituting the 
refractive-index imaging material 105 are concretely 
described in later embodiments. 

20 Thereby, a high refractive-index image 106 based on 

the intensity distribution of the light emitted from the 
optical fibers 103 and 104 is formed in the refractive- 
index imaging material 105. Concretely, when light is 
emitted from the optical fiber 103, a horn-shaped high 

25 refractive-index image 106 in which the diameter increases 
starting with its core is formed as shown in Fig, 15 (c). 
When light Is emitted from both the optical fibers 103 and 
104, a high refractive-index image 106a with a shape whose 
central portion is the widest such as a rhombus is formed 

30 as shown in Fig. 16. 

Thereafter, unreacted monomers in the refractive- 
index imaging material 105 are made to react by applying 
light such as ultraviolet rays to or heating the material 
to stabilize and cure the material according to necessity. 

35 When applying light to the refractive-index imaging 
material 105, it is possibl to destroy pigments remaining 
in th material 105 and increase the light transmit tance. 
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Through the above steps, the optical fibers 103 and 
104 are optically coupled each other and bonded to the 
support substrate 101. 

And, when the horn-shaped high refractive-index image 
5 106 is formed in the refractive- index imaging material 105 
present between the edges of the optical fibers 103 and 
104 and signal light is applied into the widest edge of 
the high refractive-index image 106 from the optical fiber 
104 contacting the widest edge, the light collects to the 
10 narrowest portion of the high refractive- index image 106 
according to the lens effect of the image 106 and enters 
the core of the optical fiber 103. In general, signal 
light uses an infrared beam of a semiconductor laser or 
the like. However, because there are only a few materials 
15 sensing the infrared beam, the wavelength is frequently 
different from that of the light for forming the 
refractive-index Image 106. 

As a result, a high coupling efficiency Is obtained 
by the light absorbing function of the refractive-index 
20 image 106 even if the accuracy for aligning the optical 
fibers 103 and 104 is moderate. 

Moreover, a high isolation characteristic is obtained 
by increasing the interval between the edges of the 
optical fibers 103 and 104 and the coupler length. 
25 The following is the analysis result obtained by the 

two-dimensional waveguide analysis method using Fourier 
transform '(Thesis of DENSHI TSUSHIN 6AKKAI: J66-C, 
10(1983)72). 

When it is assumed that a refractive-index 
30 distribution corresponding to a light intensity 
distribution is formed in the refractive- index imaging 
material 105, the refractive- index distribution shown in 
Fig. 17 is obtained after applying the light for forming 
a high refractive- index image from either optical core. 
35 In this analysis example, the core diameter of an optical 
fiber is assumed as 10 pm, distance between cores as 1,000 
pm, misalignment value of optical axes between core layers 
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as 0 pm, refractive index of a cor layer as 1.60, 
refractive Ind x of a clad as 1.58, wavelength of light 
appli d to the material as 488 nm, r fractive index of the 
periphery of the material after forming a refractive- index 
image as 1.56, and re fractive- index difference between 
high re fractive- index image of the material and its 
periphery as 0.01. 

As the result of applying the light with the 
wavelength of 1.3 pm to a refractive- index image material 
with the above refractive- index distribution from the core 
of the optical fiber 103, the light propagation pattern 
shown in Fig, 18 is obtained and the light is collected 
to the core of the optical fiber 104 by a high refractive- 
index image. When excluding the optical loss due to light 
absorption and scattering by the refractive-index imaging 
material 105, a theoretical coupling efficiency of 90% or 
more is obtained. 

When coupling optical parts such as optical fibers, 
semiconductor lasers, optical waveguides, or light 
amplifiers each other, tolerances for misalignment of 
optical axes and angle formed between axes are Increased 
by using the above method. 

For example, when the optical axes of core layers are 
misaligned by 10 pm, the refractive- index distribution 
shown in Fig* 19 is obtained after applying the light for 
forming a high refractive- index image from either optical 
core. 

In this example, the distance between core layers of 
the optical fibers 103 and 104 is assumed as 1,000 pm, 
each core diameter as 10 pm, refractive index of a core 
layer as 1.60, refractive index of a clad as 1.58, 
wavelength of the light applied to a refractive-index 
imaging material as 1.3 pm, refractive index of the 
periphery of the refractive- index imaging material as 
1.58, and refractive-index difference between high 
refractive-index image of the material and its periphery 
as 0*01. 
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Also for ^ the optical axis misalignment valu of 10 
|im, a theoretical coupling efficiency of 50% or more is 
obtained by excluding the optical loss due to the 
material . 

5 As described above, because optical parts are 

optically coupled by the self-alignment system, the 
tolerance for alignment in first securing the optical 
parts is larger no high accuracy is requested, and thus 
the coupling efficiency between the optical parts is 

10 improved. 

The tolerance for alignment between the optical parts 
formed by the above way gets large. 

When optically coupling an optical fiber with a 
semiconductor layer, the optical fiber 103 and 

15 semiconductor laser 108 are mounted on the support 
substrate 107 to feed the refractive^index imaging 
material 105 between them as shown in Fig. 20 (a)* 
Thereafter, the refractive-index imaging material 105 is 
dried and the optical fiber 103 is bonded with the 

20 semiconductor laser 108 before introducing the light for 
forming a high refractive-index image from the optical 
fiber 103 to form the horn-shaped high refractive-index 
image 106 in the refractive- index imaging material 105* 
Thereby, the light emitted from the edge of the 

25 semiconductor laser 108 is absorbed by the high 
refractive-index image 106 and enters the core of the 
optical fl£er 3. 
(Ninth embodiment) 

For the eighth embodiment described above, the edges 

30 of two optical parts are faced each other and thereafter 
a refractive- index imaging material is fed to the gap 
between them and its periphery. However, it is also 
possible to previously feed the refractive-index imaging 
material onto a support substrate thickly, put two optical 

35 pairts there, and couple their devices. 

The embodiment is described below by referring to 
Figs. 21 (a) to 21 (d). 
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First, as shown in Fig. 21 (a), a refractlv -Index 
Imaging material 105 dissolved In a solvent is dripped 
Into a V-groove 102 on a support substrat 101. Then, as 
shown in Fig. 21 (b), optical fibers 103 and 104 are 
mounted on the V-groove 102 so that the refractlve-lndex 
Imaging material 105 is held between the edges of the 
optical fibers 103 and 104. 

Then, the refractive -Index imaging material 105 Is 
left as It is for several hours before applying the light 
for forming a high refractive-index image to the 
refractlve-lndex imaging material 105 from at least the 
core of the optical fiber 103 to form the high reflective 
portion 106 described in the first embodiment. 

Thereafter, the refractlve-lndex imaging material is 
cured by applying light such as ultraviolet rays to or 
heating the material according to necessity, similarly to 
the case of the first embodiment. 

The optical fibers 103 and 104 thus connected are 
bonded to the support substrate 101 by the refractive- 
index imaging material 105 similarly to the case of the 
first embodiment and emission of light is prevented by the 
high refractive-index image 106 formed in the material 105 
to transmit light from the optical fiber 104 to the 
optical fiber 103* 
(Tenth embodiment) 

For the eighth and ninth embodiment described above^ 
a refractive-index imaging material is fed to the gap 
between the edges of two optical parts and its periphery 
to pass light through the material. However, the light 
emitted from a light-emitting device may be made to enter 
an optical fiber or light-detecting device through the 
space or light propagating in the space may be received 
by the light-detecting device. 

The following is the description of optical coupling 
when sending or receiving light propagating in the space. 

First, as shown in Fig. 22 (a), a refractive- index 
imaging material 105 is applied to the optical 
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input/output portion of a first optical fiber 103 and then 
dried to secure it to a support substrate 111. 

Then, the light for changing refractive indexes is 
Inputted to the refractive- index imaging material 105 from 
5 the optical fiber 103 to form a horn-shaped high 
refractive-index image 106B whose space side is widened 
according to a light intensity distribution as shown In 
Fig. 22 (b). Thereafter, the refractive-index imaging 
material Is cured by applying light such as ultraviolet 

10 rays to or heating the material according to necessity. 

As shown in Fig. 22 (d), it is also possible to form 
a high refractive- index image 106C whose central portion 
is the widest by applying light to the material 105 from 
both the optical fibers 103 and 104. 

Then, as shown In Fig. 22 (c), when the edge of the 
second optical fiber 104 is set toward a high refractive- 
Index image 106B, the light emitted from the edge is 
collected by the high refractlve'^lndex image 106B and 
5 enters the core of the first optical fiber 103. In this 
case, it is not required to accurately position the second 
optical fiber 104* 

Then, a case in optically coupling a semiconductor 
laser with an optical fiber through the space Is described 

10 below by referring to Fig. 20 (b). 

When the optical fiber 103 is mounted on a support 
substrate 109 and the refractive-index imaging material 
105 is fed- to the edge of the fiber 103 and thereafter 
light is applied to the refractive-index imaging material 

15 105 through the optical fiber 103, the horn-shaped high 
refractive-index image 106B whose space side is widened 
due to the light intensity distribution is formed in the 
refractive-index imaging material 105. When light is 
emitted toward the high refractlve-lndex image 106 from 

20 a semiconductor laser 108, the light Is focused by the 
high refractlve-lndex Image 106B and enters the optical 
fiber 103. 

This is effective in transmitting light b twe n 
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optical parts secured separately from each other or making 
space light beam ent r a llght-electriclty transforming 
device. 

For this embodiment, an optical part is mounted on 
5 a support substrate and thereafter a refractive-index 
imaging material is fed to at least the edge of the part. 
However, it is also possible to feed the refractive-index 
imaging material onto the support substrate and thereafter 
mounting the optical part on the support substrate. 

10 (Eleventh embodiment) 

The above eighth to tenth embodiments use optical 
fibers as two optical parts to be connected. However, it 
is also possible to use the above coupling method when 
coupling same optical parts or different optical parts 

15 among optical fibers, waveguides, semiconductor lasers, 
semiconductor light amplifiers, waveguide- type 
photodlodes, and edge emitting devices. 

To form a high refractive*index image in a 
refractive-index imaging material fed to the space between 

20 two optical parts and its periphery, for example, light 
is applied from one or both of the parts when coupling, 
for example, an optical fiber with a waveguide. 

When coupling an optical fiber or waveguide with a 
photodiode, light is applied only from the optical fiber 

25 or waveguide to form a conical high refractive- index 
image. In this case, the light is not focused by the 
high refrdctive-index image. To propagate a divergent 
light, however, a propagative beam pattern whose 
divergence is prevented in self- focusing by the conical 

30 high refractive- index image is formed and the intensity 
of the light entering the light-detecting portion of the 
light-electricity transforming device can be Increased. 

As shown in Fig. 20 (c), for example, a photodiode 
113 with the light-detecting face of 50 pm in diameter is 

35 secured, a gap of 1 mm is formed on the light-detecting 
face so that the edg of the optical fiber 103 faces the 
gap to f d the refractive-index imaging material 105 to 
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the gap and its periphery while ke ping the state. Then, 
the light with th wavel ngth of 488 nm is appli d to the 
refractive- index imaging material 105 from the optical 
fiber 103 to form a high refractive-index image 106D. As 
5 a result^ it is found that approx. 100% of the light is 
collected to the light-detecting face when providing the 
material with a refractive- index difference of up to 0.01. 
However, when no refractive-index distribution is formed 
In the above refractive-*lndex imaging material, the light 

10 entering the light-detecting face of the photodiode is 
decreased to approx. 47%. 
(Twelfth embodiment) 

For this embodiment, experiment results are described 
when a high refractive-index image is formed and not 

15 formed In a refractive-Index imaging material. 

As shown In Fig. 23 (a), a glass cylinder 120 having 
a transverse groove with the diameter of 145 |im Is set to 
a support substrate 122 and thereafter first and second 
optical fibers 123 and 124 with the clad diameter of 125 

20 pm and core diameter of 10 pm are Inserted into the glass 
cylinder 120 from the both sides of the cylinder. In the 
glass cylinder 120, the edges of the optical fibers 123 
and 124 are set to the both sides of the transverse groove 
121 at the Interval of 400 pm. Under this state, the 

25 optical fibers 123 and 124 are bonded to the support 
substrate 122 with an adhesive 127. 

Then,- 'the refractive-index Imaging material 125 shown 
in Table 1 is dripped onto the transverse groove 121 of 
the glass cylinder 120 to fill the gap between the optical 

30 fibers 123 and 124, and this state is left as it Is to dry 
the material* 
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[Table 1] 



f4ATERIAL WEIGHT(g) 



e 
O 




1.5 




fEHPE-3150. DAISEL UCB Co,, Ltd, ) 








0.4 




/MTPPHM JORYU KOGYO Co.- Ltd*) 






r R^ar^rvlnvioxvetliv )car'bazol6 


0.1 


10 


(NIPPON JORYU KOGYO Co., Ltd*) 






trlmethylolpropane trlacrylate 


0.25 




(KYOEISHA YUSHI KAGAKUKOGYO Co., Ltd.) 






multifunctional monomer 


0.25 




(ART RESIN UN-IOOX, NE6AMI KOGYO 




15 


Co., Ltd.) 






bl-imidazole 


0.02 




(B1225, TOKyO KASBI KOGYO Co., Ltd.) 






methyl triazole tiol 


0.02 




cyclopentanone pigment 


0.0004 


20 


(MKX1460, NIPPON KANKO SHIKISO Co., Ltd.) 






dlchloromethane 


1.0 




tetrahydrofuran 


1.0 



25 As the result of connecting the second optical fiber 

124 to a not-illustrated light Intensity measuring 
instrument' and then applying a He-Ne laser beam with the 
wavelength of 632.8 nm to the first optical fiber 123 by 
using a laser focusing holder (not illustrated), the 

30 intensity of the light entering the light intensity 
measuring instrument through the second optical fiber 124 
is 410 nW* 

As the result of applying the He-Ne laser beam to the 
light intensity measuring instrument through a not- 
35 illustrated another optical fiber, the light intensity of 
43 pW is obtained. 

These m asured values obtained from the light 
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Intensity measuring Instrum nt are average values of the 
upper and lower limit values when performing measurement 
for approx. 1 mln (the same is applied to the following 
description ) . 

5 Then, the second optical fiber 124 is removed from 

the light intensity measuring instrument and an argon 
laser beam with the wavelength of 488 nm is applied to the 
refractive-index Imaging material 125 through the optical 
fiber 124 for approx. 50 mln by using the laser focusing 

10 holder. The intensity of the beam is set to 1,000 nW. 
Thereby, as shown In Fig. 23 (c), a high refractive-index 
image 126 is formed in the refractive-Index imaging 
material 125. 

Thereafter, as the result of connecting the second 

15 optical fiber 124 to the light Intensity measuring 
Instrument and Introducing a laser beam with the 
wavelength of 632.8 nm dLnto the second optical fiber 124 
again through the first optical fiber 123, the light 
intensity measuring Instrument shows the value of 6,780 

20 nH« 

Therefore, by applying the argon laser beam. It is 
confirmed that the high refractive- index image 126 is 
formed in the refractive- index imaging material 125. 

Thereby, the intensity of the laser beam propagating 
25 from the first optical fiber 123 to the second optical 
fiber 124 increases up to approx. 16 times and the high 
refractive-index imaging material effect is confirmed. 
The optical coupling efficiency is calculated as approx. 
16%. 

30 The refractive-index imaging material shown in Table 

1 is also applied to the eighth to eleventh embodiments. 
At a portion to which the argon laser beam is applied, 
monomers are polymerized, the monomer density increases 
according to the intensity distribution, and the 

35 refractive-index rises. The refractive-index imaging 
material also serves as an adhesive. 
(Thirteenth embodim nt) 
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Th first and second optical fibers 123 and 124 ar 
secured in the glass cylinder 120 in the sam way as the 
twelfth embodiment. 

Then, the support substrate 122 supporting the glass 
5 cylinder 120 is mounted on a heating table (not 
Illustrated) and the refractive-index imaging material 125 
Is fed into the gap between the edges of the optical 
fibers 123 and 124 to heat and dry the material at the 
temperature of 60*C in the same way as the twelfth 
10 embodiment. 

Then, as the result of connecting the second optical 
fiber 124 to the light intensity measuring instrument and 
introducing the He-Ne laser beam into the second optical 
fiber 124 through the first optical fiber 123 and 
15 refractive- index Imaging material 125 by using the laser 
focusing holder, the light intensity measuring instrument 
shows the light intensity of 110 nH« 

Thereafter, a laser beam with the wavelength of 488 
nm is introduced into the second optical fiber 124 to 
20 apply it to the refractive-index imaging material 125 for 
30 inin. 

Thereafter, the material is cooled at the temperature 
lowering rate of 0.5'C/min. Then, as the result of 
connecting the second optical fiber 124 to the light 
25 intensity measuring instrument and introducing the He-Ne 
laser beam into the first optical fiber 123 again and 
measuring the intensity of the light passing through the 
second optical fiber 124, the light intensity of 5520 nW 
is obtained. 

30 Therefore, by heating and drying the refractive-index 

imaging material 125 and then applying the argon laser 
beam to the material, a high refractive-index image is 
formed. Thereby, the intensity of the laser beam entering 
the second optical fiber 124 from the firs optical fiber 

35 123 increases up to approx. 50 times and the high 
refractive-index image effect is confirmed. The optical 
coupling efficiency is calculat d as approx. 13%. 
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From th above mention d. It is found that there is 
no bad Influence even if heating is performed at approx. 
eO'^C before forming the high refractive* index image 126 in 
the refractive- index imaging material 125. 
5 (Fourteenth embodiment) 

As the result of making the diameters of the clads 
and cores of the first and second optical fibers 123 and 
124 described in the twelfth embodiment differ from each 
other and changing the refractive-index imaging material 
10 125, the following results are obtained. 

For example, the diameter of the clad of the first 
optical fiber 123 is set to 125 pm, the diameter of the 
core of it is set to 10 pm, and the diameter of the clad 
of the second optical fiber 124 is set to 125 pm and the 
15 diameter of the core of it is set to 50 pm« 



[Tabl 2] 
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MATERIAL WEIGHT(g) 

5 acrylic denatured silicone ^-^ 
(KR9706, SHINETSU KAGAKU KOGYO Co., Ltd.) 

0 3 

allyloarbazole 

(NIPPON JORYU KOGYO CO., Ltd.) 
vinylcarbazole (ANAN) 0-^ 
10 vinylnaphthalene ( POLYSCIENCE ) 0.1 
multifunctional raonomer 

(ART RESIN UN-IOOX, NEGAMI KOGYO Co., Ltd.) 
1 , 6-hexanediolmethacrylate 0 • 2 

(KYOEISHA YUSHI KAGAKUKOGYO Co., Ltd. ) 
15 trimethylolpropane triacrylate 0.2 

(KYOEISHA YUSHI KAGAKUKOGYO Co., Ltd.) 
bl-lmldazole 

(B1225, TOKYO KASBI KOGYO Co., Ltd.) 
methyl triazole tiol 0.02 
20 cyclopentanone pigment 0.0004 

(MKX1460, NIPPON KANKO SHIKISO Co., Ltd.) 
dichloromethane ^ • ^ 

tetrahydrofuran ^'0 
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Thereafter, as the result of connecting the optical 
fiber 123 tb the light intensity measuring instrument and 
introducing a beam with the wavelength of 632.8 nro into 
the second optical fiber 124, the light intensity 
30 measuring instrument indicates the light intensity of 55 
nW. 

Then, the first optical fiber 123 is removed from the 
light intensity measuring instrument and ultraviolet rays 
are Introduced into the first optical fiber 123 to apply 
35 the rays to the refractive- index imaging material 125 
pres nt between the optical fibers 123 and 124 for 30 min. 
Thereafter, as th result of connecting th second 
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optical fiber 124 to the light intensity measuring 
instrument again and introducing a beam with the 
wavelength of 632,8 nm through the first optical fiber 123 
and high refractive- index image 126, the light Intensity 
measuring instrument indicates the light intensity of 
1,730 nW. Thus, the Intensity of the light propagating 
In the optical fibers 123 and 124 Increases up to approx. 
31 times. 

The refractive-index imaging material shown in Table 
2 is applied to the eighth to eleventh embodiments. At 
a portion to which the argon laser beam is applied, 
monomers are polymerized, the monomer density increases 
according to the beam Intensity distribution, and the 
refractive index rises. The refractive- 
Index Imaging material also serves as an adhesive. 
(Fifteenth embodiment) 

The refractlve«*index Imaging material of this 
embodiment is compounded as follows: 

First, 1.6 g of acrylic denatured silicone varnish 
KR9706, 0.8 g of methylmethacrylate, 0.3 g of glycldyl 
methacrylate, and 0.04 g of azobls{lsobutyronltrlle) are 
dissolved in dioxane of 7,2 g and they are heated and 
agitated at 70^C for 1 hr. Then, they are cooled up to 
the room temperature and thereafter, 40\xl (microlitter) 
of trlmethylolpropane trlacrylate and 40)il of neopentyl 
glycol dlacrylate are dripped into them and they are 
agitated anS then moraover heated and agitated at 70°C for 
1 hr. 

Then, they are cooled up to the room temperature. 
Thereafter, 1.0 g of tetrahydrofuran, 0.66 g of allyl 
carbazole, 0.66 g of N-vinyl carbazole, 0.66 g of 
trlmethylolpropane triacrylate, 0.04 g of bi-imidazole 
(B1225, TOKYO KASEI Co., Ltd.), 0.04 g of methyl triazole 
thiol, and 0.04 g of cyclopentanone pigment (NKX1460, 
NIPPON KANKO SHIKISO Co. , Ltd. } are added to them. 

This completes compounding of the refractlve^lndex 
Imaging material* 
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Thereaft r, the first and second optical fibers 123 
and 124 same as those used for th twelfth embodlm nt ar 
inserted into the glass cylinder 120. 

Then, as the result of connecting the first optical 
5 fiber 123 to a light intensity measuring instrument (not 
illustrated) and introducing a beam with the wavelength 
of 632.8 nm into the second optical fiber 124 without 
filling the gap between the optical fibers 123 and 124 
with any material, the light intensity measuring 

10 instrument indicates the light intensity of 8 pW. 

As the result of inputting a beam with the wavelength 
of 632.8 nm to the light intensity measuring instrument 
through another optical fiber, the instrument indicates 
the light intensity of 60 pW. 

15 Then, the above refractive- index imaging material 125 

is dripped into the transverse groove 121 of the glass 
cylinder 120 to fill the gap between the optical fibers 
123 and 124 with the material, and this state is left as 
It Is for 14 hr to dry the material. 

20 Then, as the result of connecting the first optical 

fiber 123 to the light intensity measuring instrument and 
introducing a beam with the wavelength of 632.8 nm into 
the second optical fiber, the instrument indicates the 
light intensity of 9 pW. 

25 Then, an argon laser beam is applied to the 

refractive-index Imaging material 125 for 80 min through 
the second- optical fiber 124. Thereby, the high 
refractive-index image 126 is formed. 

Thereafter, as the result of applying a beam with the 

30 wavelength of 488 nm to the light intensity measuring 
Instrument by using another optical fiber, the instrument 
Indicates the light Intensity of 40 nW. As the result of 
connecting the first optical fiber 123 to the light 
intensity measuring instrument and introducing a beam with 

35 the wavelength of 632.8 nm into the second optical fiber 
124, th instrument indicates the light intensity of 30 
pW. The coupling efficl ncy is calculated as 50%. 
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(Sixteenth embodiment) 

The r fractive- index imaging material of this 
embodiment is compound d as follows: 

First, 1.6 g of acrylic denatured silicone varnish 
5 KR9706 0,8 g of methylmethacrylate, 0.4 g of glycidyl 
methacrylate, and 0.04 g of azobis(isobutyronitrile} are 
dissolved in dioxane of 7.2 g and they are heated and 
agitated at lO^'C for 2 hr. 

Then, they are cooled up to the room temperature and 
10 thereafter, 0.66 g of allyl carbazole, 0.66 g of N-vinyl 
carbazole, 0.66 g of trimethylolpropane triacrylate, 0.04 
g of bi-imidazole, 0.04 g of methyl triazole thiol, and 
0.0004 g of cyclopentanone pigment are added to them and 
agitated. This completes compounding of the refractive- 
15 index imaging material. 

An experiment is performed by using the above 
material and a beam with the wavelength of 1.3 |ui Instead 
of the beam with tlie wavelength of 632.8 nm used for the 
fifteenth embodiment. 
20 First, the optical fibers 123 and 124 same as those 

used for the fifteenth embodiment are inserted into the 
glass cylinder 120. 

Then, the refractive-index imaging material 125 shown 
in the fifteenth embodiment is dripped into the transverse 
25 groove of the glass cylinder to fill the gap between the 
optical fibers 123 and 124 with the material, and this 
state is left as it is for 17 hr to dry the material. 

Then, as the result of connecting the first optical 
fiber 123 to a light intensity measuring instrument (not 
30 illustrated) and introducing a beam with the wavelength 
of 1.3 pm into the second optical fiber 124, the 
instrument indicates the light intensity of 50 pW. 

As the result of inputting a beam with the same 
wavelength to the light intensity measuring instrument 
35 through another optical fiber (not illustrated), the 
instrument indicates the light intensity of 180 pW. 

Then, an argon laser b am is applied to the 
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refractive-index imaging mat rial 125 through the s cond 
optical fiber 124 to form the high refractive-index image 
126. 

Thereafter, as the result of connecting the first 
5 optical fiber 123 to the light intensity measuring 
instrument and introducing the beam with the wavelength 
of 1.3 pm into the second optical fiber 124 again, the 
instrument indicates the light intensity of 170 pW. 

When the refractive-index imaging material 125 Is 
10 left as it is, unreacted monomers in the material are 
polymerized with elapse of time and the light intensity 
decreases. Therefore, the stability of the material 
becomes degraded. 

Therefore, the high refractive-index image 126 is 
15 formed to measure the light Intensity and thereafter 
ultraviolet rays are applied to the material for 160 min 
from the outside. When 10 nin passes after start of 
application of ultraviolet rays, the entire portion is 
heated at 40*^. 

20 Thereafter, as the result of measuring the intensity 

of the light passing through the first optical fiber 123, 
high refractive-index image 126, and second optical fiber 
124, the light intensity of approx. 100 pW is obtained. 
As the result of leaving this state as it is for 17 

25 hr and measuring the light intensity again, it is found 
that the value hardly changes, the light Intensity is not 
decreased dUe to applying of ultraviolet rays or heating, 
and the material is stable. 
(Seventeenth embodiment) 

30 The refractive-index imaging material of this 

embodiment Is compounded as follows: 

First, 0.1 g of silicon contained monomer (V4800, 
CHISSO Co., Ltd.), 0.35 g of methyl methacrylate, 0.35 g 
of trifluoromethyl methacrylate, 0.1 g of glycidyl 

35 methacrylate, and 0.02 g of azobisisobutyronitrile are 
dissolved in dioxane of 4.0 g and they are heated and 
agitated at 70"C for 1 hr. 
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Then, they are cooled up to the room temperature and 
thereafter, 40|il (microlitter) of trimethylolpropan 
triacrylate and 40pl of neopentyl glycol dlacrylate are 
dripped Into them and they are agitated and then moreover 
5 heated and agitated at 70^*0 for 6 hr. 

Then, they are cooled up to the room temperature. 
Thereafter, 1.0 g of tetrahydrofuran, 0.25 g of allyl 
carbazole, 0.25 g of N-vinyl carbazole, 0.25 g of 
methacryloxyethyl oxycarbazole, 0.25 g of 
10 trimethylolpropane triacrylate, 0.04 g of bl-imldazole 
(B1225, TOKYO KASEI Co., Ltd.), 0.04 g of methyl trlazole 
thiol, and 0.04 g of cyclopentanone pigment (NKX1460, 
NIPPON KANKO SHIKISO Co., Ltd.) are added to them. 

This completes compounding of the refractive*index 
15 imaging material. 

Then, as shown in Fig. 24 (a), one face of a second 
glass plate 132 with the thickness of 0.2 nun is bonded to 
one edge of a first glass plate 130 with the dimensions 
of 30 X 30 X 5 mm having a V^groove 131 with the maximum 
20 width of 300 \m. 

Then, the other end of an optical fiber 133 with one 
end connected to a connector and its periphery are 
stripped and fitted into the V-groove 131 of the first 
glass plate 130 and secured so that the other end is 
25 separate 1 mm from the second glass plate 132. 

Then, as shown in Fig. 24 (b), a semiconductor laser 
134 is mounted on a slow-motion stage 137 so that the 
light output portion of the laser 134 faces the edge of 
the optical fiber 133 through the second glass plate 132. 
30 Moreover, the connector at one end of the optical fiber 
133 is connected to a light intensity measuring instrument 
(not illustrated). 

As the result of applying the current of 40 mA to the 
laser 134 to emit light, the light Intensity measuring 
35 Instrument Indicates the light Intensity of 15 nW* 

Then, as shown In Fig. 24 (c), the refractive-index 
Imaging material 135 Is dripped Into the gap between the 
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dge of th optical fiber 133 and second glass plat 132 
to dry the material. Then, an argon laser beam with the 
wavelength of 515 nm is applied to the refractive-index 
imaging material 135 for 150 min through the optical fiber 
5 133. Thereby, a horn-shaped high refractive- index image 
136 is formed. 

Thereafter, as the result of making the semiconductor 
laser 134 emit light again, the light intensity indicated 
by the light intensity measuring instrument increases up 

10 to 190 nW. 

The refractive- index imaging material of this 
embodiment is applied to the eighth to ninth embodiments. 
At a portion to which the argon laser beam is applied, 
monomers are polymerized, the monomer density increases 

15 according to the intensity distribution, and the 
refractive index rises. The refractive- index imaging 
material also serves as an adhesive. 
(Eighteenth embodiment) 

In the above refractive-Index imaging material, it 

20 Is possible to form not only the above-mentioned 
refractive-index Image having the focusing lens effect but 
an interference- fringe image formed through interference 
exposure with coherent light as a refractive-index image. 
The following is the description of characteristics when 

25 forming a refractive-index image from an interference- 
fringe image and generating a hologram. 

Firsts' the refractive-index imaging material shown 
in Table 3 is applied to a glass substrate of 70 x 70 mm 
with a doctor blade and dried in a nitrogen box for 1 hr 

30 and then in an oven at 70"^ for 10 min to use it as a 
sensitized plate. 
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[Table 3] 



MATERIAL 



WEIGHT{g) 



1.0 



5 alicyclic epoxy 

(EHPE-3150, DAISEL UCB Co., Ltd.) 
allylcarbazole 

(NIPPON JORYU KOGYO Co., Ltd.) 
vinylcarbazole (ANAN) 
10 multifunctional monomer 

(ART RESIN UN-IOOX, NE6AMI 
KOGYO Co., Ltd. ) 
trimethylolpropane triacarylate 

(KYOEISHA YUSHI KAGAKUKOGYO Co., Ltd.) 
15 b±-imidazole 

(B1225, TOKYO KASEI KOGYO Co., Ltd.) 
methyl triazole tlol 
cyclopentanone pigment 

(MKX1460, NIPPON KANKO SHIKISO Co., Ltd.) 
20 dloxane 2.0 
tetr ahydrof uran 2 . 0 



0.2 

0.2 
0.2 



0.2 



0.04 



0.04 
0.0008 



A transmission-type hologram image with the spatial 
25 frequency of 2,500 interference^-frlnges/nm and the fringe 
Inclination of 0*" is exposed to the sensitized plate by 
using an afgon laser beam with the wavelength of 488 nm. 
The exposure intensity is set to 2 mW/cm^ and the exposure 
time is set to 200 sec. As the result of measuring the 
30 diffraction efficiencies {lis: diffraction efficiency in 
regenerating s-polarized light, tip: diffraction efficiency 
in regenerating p-polarized light), values of t]s » 55% and 
TIP s 80% are obtained. 

Then, the transmission-type hologram is heated in an 
35 oven at 80^C for 1 hr. As the result of measuring the 
diffraction efficiencies again, values of t|s » 19% and tip 
« 74% are obtained. The film thickness of 23 pm is 
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obtained. The film thickness Is measur d with a probe- 
type film thickn ss m t r (ALPHASTEP TENCOL Inc.)* 
(Nineteenth embodiment) 

A hologram image is also described in this 
5 embodiment. 

First, the refractive- index imaging material shown 
in Table 4 is applied to a glass substrate of 70 x 70 mm 
with a doctor blade and dried in a nitrogen box for 1 hr 
and then in an oven at 70°C for 10 min to use it as a 
10 sensitized plate. 




[Table 4] 
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MATERIAL WEIGHT ( g ) 

chlorotrifluoroethylene / vinyl trimethyl 1,0 
acetate / hydroxyethl aery late 

» 31/51/18 mol ratio polymerization 
allylcarbazole 0 . 2 

(NIPPON JORYU KOGYO Co., Ltd.) 
vinylcarbazole (ANAN) 0.2 
naphtylacrylate (POLYSCIENCE) 0.2 
multifunctional monomer 0.2 

(ART RESIN UN-IOOX, NEGAMI KOGYO 
Co., Ltd.) 

trimethylolpropane triacrylate 0.2 

(KYOEISHA YUSHI KAGAKUKOGYO Co., Ltd.) 
bl-imldazole 0*04 

(BI225, TOKYO KASBI KOGYO Co., Ltd.) 
methyl trlazole tiol 0.04 
cyclopentanone pigment 0.0008 

(MRX1460, NIPPON KANKO SHIKISO Co., Ltd.) 
dioxane 2.0 
tetrahydrofuran 2.0 



A mirror-reflection-type hologram image with the 
Incident angle of 45^ is exposed to the sensitized plate 
by using an argon laser beam with the wavelength of 488 
nm. The exposure intensity is set to 1 mW/cm^ and the 
exposure time is set to 400 sec. 

After exposure of the image, transmission spectrum is 
measured through vertical incidence by using an 
instantaneous spectrophotometer (MCPD-100, OTSUKA DBNSHI 
Co., Ltd.)- As a result, a spectrum having a small- 
transmittance region due to diffraction around the 
wavelength of 540 nm is obtained. The diffraction 
ef f ici ncy is 48% and the diffraction wavelength width is 
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9 nm. 



Then, th reflection- type hologram is heated in an 
ov n at 80*^0 for 1 hr. Then, as th result of measuring 
the transmission spectrum and calculating the diffraction 
5 efficiency and diffraction wavelength width is measured 
in the same way as the twelfth embodiment, the diffraction 
efficiency is 69%, the diffraction wavelength width is 28 
nm, and the film thickness is 26 »im. 
(Twentieth embodiment) 
10 A hologram image is also described in this 

embodiment . 

First, the refractive-index imaging material shown 
in Table 4 is applied to a glass substrate of 70 x 70 mm 
with a doctor blade and dried in a nitrogen box for 1 hr 
15 and then in an oven at 70*C for 10 min to use it as a 
sensitized plate. 






/ 



/ 



/ 
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[Table 5] 

MATERIAL WEIGHT(g) 



5 acrylic denatured silicone 1.0 
(KR9706, SHINETSU KAGAKU KOGYO Co., Ltd.) 

allylcarbazole 0 • 2 

(NIPPON JORYU KOGYO Co., Ltd.) 

vlnylcarbazole (ANAN) 0.2 
ID ALONIX M315 

(TOAGOSEI KAGAKUKOGYO Co., Ltd.) 0.2 

trlmethylolpropane triacrylate 0*2 

(KYOEISHA YUSHI KAGAKUKOGYO Co., Ltd.) 

bl-imidazole 0.04 
15 (B1225, TOKYO KASEI KOGYO Co., Ltd.) 

methyl triazole tiol 0.04 

cyclopentanone pigment 0.0008 
(MKX1460, NIPPON KANKO SHIKISO Co., Ltd.) 

dloxane 1.5 

20 tetrahydrofuran 1.5 



A transmission-type hologram is exposed to the 
sensitized plate in the same way as the eleventh 
25 embodiment. As the result of measuring the diffraction 
efficiencies, values of iis » 75% and T|p - 49% are 
obtained. 

Then, the transmission-type hologram is heated in an 
oven at SCC for 1 hr. As the result of measuring the 

30 diffraction efficiencies, values of tjs « 82% and r\p « 87% 
are obtained. The film thickness is 31 pm. 

Moreover, as the result of using epoxy denatured 
silicone (SR2115, TORAY DOW CORNING Co., Ltd.) shown in 
Table 5 instead of acrylic denatured silicone, compounding 

35 a solution by adding 0.05 g of a hardener (SR2115K, TORAY 
DOW CORNING Co., Ltd.), and similarly making a hologram, 
dif fracti n efficiencies of t|s - 78% and tip « 70% are 
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obtained. 

(Twenty-first embodiment) 

A hologram image is also described In this 

embodiment . 

5 First, a sensitized plate is made by similarly 

applying the refractive-index imaging material used for 
the twentieth embodiment. 

A reflectlon-^pe hologram is exposed to the 
sensitized plate by using an argon laser beam with the 
10 wavelength of 488 nm and reflect ion- type hologram making 
optical system with the incident angle of 30-60°. 

Then, as the result of measuring the transmission 
spectrum and examining characteristics in the same way as 
the eighteenth embodiment, the diffraction efficiency is 
15 32% and the diffraction wavelength width is approx. 9 nm. 

Then, the reflection-type hologram is heated in an 
oven at SO-C for 1 hr. As the result of measuring the 
spectrum and examining characteristics again, the 
diffraction efficiency is 42% and the diffraction 
20 wavelength width is approx. 14 nm. 
(Twenty-second embodiment) 

A hologram image is also described in this 

embodiment. 

First, the refractive-index imaging material 
25 compounded in the fourteenth embodiment is applied to a 
glass substrate of 70 x 70 mm with a doctor blade and 
dried in a 'nitrogen box for 1 hr and then in an oven at 

70^ for 10 min. 

A reflection-type hologram is exposed to the 
30 sensitized plate by using an argon laser beam with the 

wavelength of 488 nm and a reflection-type hologram making 

optical system with the incident angle of 30-60". 

As the result of measuring the transmission spectrum 

and examining characteristics in the same way as the 
35 eleventh embodiment, the diffraction efficiency is 41% and 

the diffraction wavelength width is approx. 9 nm. 

(Twenty- third embodiment) 
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The following is the description of refractive- index 
imaging materials. 

<1> Refractive- index imaging materials are made of, 
for example, the following materials. 
5 The first refractive- index imaging material is made 

of an alicyclic or chain compound having an epoxy group, 
ethylene unsaturated compound containing an aromatic ring 
or halogen, multifunctional acrylate or multifunctional 
methacrylate, and photopolymerlzation initiator. 

10 The second refractive-index imaging material is made 

of an organic denatured silicone, ethylene unsaturated 
compound containing an aromatic ring or halogen, 
multifunctional acrylate or multifunctional methacrylate, 
and photopolymerlzation initiator. The organic denatured 

15. silicone is any one of acrylic denatured silicone, 
methacrylic denatured silicone, and epoxy denatured 
silicone. 

The third refractive-index imaging material is 
compounded by the following method. 

20 First, an ethylene unsaturated compound containing 

silicone, an ethylene unsaturated compound whose general 
expression is shown as "R^CHsCHCOORj" , and 
thermopolymerization initiator are dissolved in a solvent 
and heated and agitated to make a copolymer solution. 

25 Then, the copolymer solution is cooled up to the room 
temperature and thereafter, an ethylene unsaturated 
compound 'containing an aromatic ring or halogen, 
multifunctional acrylate or multifunctional methacrylate, 
and photopolymerlzation initiator are added to the 

30 copolymer solution. Thus, the refractive-index Imaging 
material is completed. In this case, R^ in the general 
expression is CH3 or H and Rj is a chain compound or 
alicyclic compound group having carbon atoms of 1 to 4 
(the same is applied to the following). 

35 The fourth refractive-index imaging material is 

compounded by the following method. 

First, an ethylene unsaturated compound containing 
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silicone, an ethylene unsaturated compound whose g neral 
expression Is shown as "RjCH^CHCOORj" , multifunctional 
acrylat or multifunctional methacrylate, and 
thermopolymerlzatlon initiator are dissolved in a solvent 
and heated and agitated to make a copolymer solution. 
Then, the copolymer solution is cooled up to the room 
temperature and thereafter, an ethylene unsaturated 
compound containing an aromatic ring or halogen, 
multifunctional acrylate or multifunctional methacrylate, 
and photopolymerization initiator are added to the 
copolymer solution. Thus, the refractive*- index imaging 
material is completed. 

The fifth refractive-index imaging material is made 
of a thermosetting copolymer containing acrylate or 
methacrylate having a hydrogen group at Its end in the 
building block of the copolymer, an ethylene unsaturated 
compound containing an aromatic ring or halogen, 
multifunctional acrylate or multifunctional methacrylate, 
and photopolymerization initiator. The thermosetting 
copolymer is a substance containing, for example, 
chlorotrlfluoroethylene, vinyl trimethyl acetate, and 
acrylate or methacrylate having a hydroxyl group at its 
end in the building block of the substance. 

In the above refractive-index imaging material s, the 
ethylene unsaturated compound containing an aromatic ring 
or halogen Is any one of, for example, allyl carbazole, 
methacrylqj^loxyethylcarbazole^acrylpylethyloxycarbazole, 
vlnylcarbazole , vlny Inaphthalene , naphtylacryla te , 
trlbromophenyl acrylate, dibromophenylacrylate , and 
phenoxyethylacrylate, or a mixture of any ones of these 
compounds • 

<2> The following are components of a refractive- 
index imaging material. 

The refractive-index imaging material is made of at 
least a binder, photosensitive monomer, and optical 
initiator. 

(1) Th binder of the refractlv -Index imaging material 
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uses a copolymer having allcycllc epoxy, chain epoxy, 
organic denatur d silicone, and ethylene unsaturated 
compound containing a hydroxyl group at its end in the 
building block of the copolymer or a copolymer having an 
5 ethylene \msaturated compound containing silicone in the 
building block of the copolymer. These binders have a 
reactive group ^ which can be made to react through heating 
or optical reflection. Thus, a high durability can be 
obtained . 

10 It is possible to use 3,4-epoxycyclohexylmethyl-3,4- 

epoxycyclohexanecarboxylate, BRL-4299 (made by UCC), 
ERL-4092 (made by UCC), EHPE*3150 (DAISERU UCB Co. , Ltd. ), 
EPOLAITO 4000, EPOLAITO lOOMF, EPOLAITO 80MF, EPOLAITO 
1600, EPOLAITO 1500NP, EPOLAITO 400P, EPOLAITO 400E, 

15 EPOLAITO M-1230 (KYOEISHA YUSHI KAGAKUKOGYO Co., Ltd.), 
and a mixture or copolymer of these compounds for the 
alicyclic or chain epoxy. EPOLAITO is a trade name. 

It is possible to use acrylic denatured silicone, 
methacrylic denatured silicone, or epoxy denatured 

20 silicone for the organic denatured silicone* NaDBOVBsr, 
it is possible to use a copolymer made by heating an 
ethylene unsaturated compound containing silicone and 
other ethylene unsaturated compounds in a solvent and 
partially copolymerizing them for the binder. It is also 

25 possible to add multifunctional acrylate or 
multifunctional methacrylate as a monomer to be 
copolymeri:£ed • 

The ethylene unsaturated compound containing silicon 
includes 3-acryloxypropyltrlmethoxy silane, 3- 

30 methacryloxylpropyltrimethoxy silane, 
methacryloxypropyltris ( trimethylsiloxy ) silane, 
acryloxypropylmethylbis (trimethylsiloxy) silane, acrylic 
denatured silicone, and methacrylic denatured silicone, 
and a mixture of these compounds. 

35 The ethylene unsaturated compound Includes 

methylmethacrylate, ethylmethacrylate, propylmethacrylate, 
isopropylmethacrylate, n-butylm thacrylat , 
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Isobutylmethacrylate, t-butylmethacrylate, ethylacrylate, 
and n-butylacrylat , and a mixture of thes compounds, 
(li) Th photos nsitlv monomer uses a mixtur of 
multifunctional acrylate or methacrylate and ethylene 
5 unsaturated monomer containing an aromatic ring or 
halogen. 

The ethylene unsaturated monomer containing an 
aromatic ring or halogen has a high refractive index. 
When light is applied to a portion of the monomer to 

10 polymerize the monomer at the portion and increase the 
density, the refractive index of the portion is improved 
compared with that of a portion to which no light is 
applied. The multifunctional acrylate or multifunctional 
methacrylate improves the durability by improving the 

15 photosensitivity and three-diraensionally cross-linking a 
polymer. 

The ethylene unsaturated monomer containing an 
aromatic ring or halogen Includes allylcarbazole, 
me thacryloyloxyethylcarbazole , acryloylethyloxycarbazole , 

20 vinyl carbazole, vinylbenzylcarbazole, 
vinyloxyethylcarbazole , vinyl naphthalene , 
naphthylacrylate, t ri bromophenyl aery 1 ate , 
dibromophenylacrylate , phenoxyethylacry late , 2 , 2 » - ( 2- 
hydroxyethylmethacrylate ) ( 2, 3-hydroxyethylmethacrylate ) 

25 dipheneto , 2,2'- ( 2-hydroxyethylmethacrylate ) 
hydrogendlphenate, and a mixture of these compounds. 

The multifunctional acrylate or multifunctional 
methacrylate includes trimethylolpropane triacrylate, 
neopentyl glycol diacrylate, pentaerythritol triacrylate^ 

30 pentaerythritol tetracrylate, trimethylolpropane 
trlmethacucylate, and a mixture of these compounds, 
(iii) The photopolymerization initiator includes organic 
peroxides such as 2,4,6-trimethylben2oyldiphenylphosphine 
oxide, benzyl, benzoin isopropylether, BTTB (3, 3', 4,4'- 

35 tetr a ( t-buty Iperoxycarbony 1 ) benzophenone , benzoyl 
peroxide, di( t-butylperoxy ) isophthalate; imidazole groups 
such as benzoimidazol and 2-(0-chlorophenyl)4,5- 
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diphenylimldazole dlmer; mixtures mad by combining 
compounds such as 2-mercaptobenzothlazol , P- 
diethylamlnobenzophenone, lH-1 , 2 , 4*trlazole*3*thlol , and 
4-methyl-4H-l, 2, 4-triazole*3-thlol^ and Iron-allene " 
5 complex such as pyrene-^cyclopentadienyl-lron- 

k 

hexafluoroantimonate. Moreover^ the sensitizing pigment 
includes 4- ( dicyanomethylene ) -2-raethyl- 6- ( P- 
diroethylaminostyryl ) -4H-pyrane, 3,3' -carbonylbis ( 7- 
dlethylamlnocoumar in ),2, 5-bls ( 4-dlethylaminobenzylidene ) 
10 cyclopentanone, and 2, 6-bls(4-dlmethylaminobenzylidene) 
cyclohexane. 

(iv) It is possible to use a thermosetting agent so as to 
thermoset a thermoset. non-photosensitive component. 

For example, the thermosetting agent when using a 

15 binder containing an epoxy group includes amino acids such 
as hexamethylenedlamine, trimethylhexamethylenediamine, 
di ethyl enetri amine, triethylenetetr amine , 
trl ( methylamino )hexane , diethylamlnopropylamine, 
menthenediamine, and isophoronedlamine; 

20 acid hydrides such as methyltetrahydro acid phthalic 
anhydride and methylhexahydro acid phthalic anhydride; and 
imidazole groups such as 2-ethyl-4-methylimidazole and 2- 
phenylimidazole. The thermosetting agent when using a 
binder having a hydroxyl group includes isocyanate-based 

25 thermosetting agents such as COLONEITO EH (trade name) 
(NIPPON POLYURETHANE Co., Ltd.). COLONEITO 2092 (trade 
name) (NIPt^ON POLYURETHANE Co., Ltd.), DULANEITO THA--100 
(trade name) (ASAHI CHEMICAL INDUSTRY (X)., LTD.), 
DULANEITO TPA-lOO (trade name) (ASAHI CHEMICAL INDUSTRY 

30 CO., LTD.), SUMIDALU N3500 (trade name) (SUMITOMO BEYER 
URETHANB, LTD. ), and TAKENEITO D-170N (trade name) (Takeda 
Chemical Industries, Ltd. ) and melamine-based 
thermosetting agents such as NIXALAKU MW030 (trade name) 
(SANWA CHEMICAL Co., Ltd.), NIKALAKU MX-40 (trade name) 

35 (SANWA CHEMICAL Co., Ltd.), and SAIMELU 325 (trade name) 
(Mitsui Toatsu Chemicals, Inc.). 

(v) Materials £ the above binders and ph tosensltive 
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monom rs ar dissolved in a solv nt to b compound d as 
a solution according to nec ssity. For th solvent, a 
solvent for dissolving a material to be us d is select d 
among tetrahydrofuran, tetrahydropyrane, acetone, 
5 methanol, diacetone alcohol, d 1 ch 1 or ome thane, 
dichloroethane, ethyl acetate, butyl acetate, dloxane, and 
toluene. 

The compounded solution Is fed or set through a 
method such as injection, dripping, spin coating, knife 

10 coating, dipping, or screen printing. When a solution 
contains a solvent, the solvent Is removed through a 
method such as leaving, heating, or decompressing. 

A refractive-index distribution is formed by applying 
light to a material. A light applying method such as one- 

15 light-flux exposure, multiple-light-flux exposure, or 
interference exposure Is used according to the formed 
refractive-Index distribution. A light source Is selected 
among ultraviolet rays, visible rays, and Infrared rays 
according to the photosensitive wave range of a 

20 photopolymerizatlon initiator or sensitizer added to a 
material. The Interference exposure uses a coherent light 
source. 

To form a refractive- index distribution, it is 
possible to heat a material at 40 to 140»C in addition to 

25 the above light applying step and moreover apply light to 
the entire material. With these steps, it Is possible to 
make unreafcted monomers reactive to cure them and destroy 
unreacted photopolymerizatlon initiator or sensitizer. 
As described above, the refractive-index imaging 

30 material of the present invention can be cross-linked or 
polymerized by heating the material or applying light to 
it and therefore a high durability can be obtained because 
It uses a compound with reactive groups such as a 
copolymer having alicyclic or chain epoxy, acrylic 

35 denatured silicone, methacrylic denatured silicone, epoxy 
denatur d silicone, and ethylene unsaturated compound 
including a hydroi^l group at Its end In the building 
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block of the copolymer. 
( Twenty- fourth embodiment ) 

The refractlve*lndex imaging material of each 
embodiment described above is dissolved in a solvent and 
5 thereafter the solution is fed to optical parts by the 
injection method, dripping method, spin coating method, 
or other method. 

Moreover, light with a wavelength for forming a high 
refractive-index image is applied to a part of the 
10 refractive- index imaging material fed by one of the 
methods after the solvent is removed from the material. 

And, before or after the high refractive- index image 
is formed, at least either of heating at 40 to 140X and 
application of ultraviolet rays is perfoinned. 

15 
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Claims 

1. A coupling method of optical parts comprising the 
steps of: 

relatively movably retaining first and second optical 
parts* 

facing optical coupling faces of waveguides of the 
first and second optical parts each other and 
overlapping at least a part of one optical coupling face 
with a part of the other optical coupling face; and 

fusing the optical coupling faces of the first and 
second optical parts and bonding them each 
other . 

2. A coupling method of optical parts according to 
Claim 1, wherein the first optical partis any one 

of an optical waveguide^ semiconductor laser, light- 
emitting diode, photodiode, and semiconductor light 
amplifier, and the second optical part is any one 
of an optical fiber, optical waveguide, semiconductor 
laser, light-emitting diode, photodlode, and semiconductor 
light amplifier. 

3. A coupling method of optical parts according to 
Claim 1 or 2, wherein one of the first and second optical 

parts is movably retained and the other is fixedly retained. 

4. A coupling method of optical parts according to 
Claim 1, 2 or 3, wherein the first optical part is fixed with 
the optical coupling face turned upward and the second 
optical part Is movably mounted on the first optical 

part so that the optical coupling face of the first 
optical part is at least partially overlapped with that 
of the second optical part« 

5. A coupling method of optical parts according to 
any pieoeding claim, n^ierein the optical coupUng face of at least one 
of the first and second optical is 

protruded from the non-coupling face around the optical 
coupling face. 

6. A coupling method of optical parts according to 
any preoeding daim, uteiein the optical ooii>ling fac3e of at least one 
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of th first and second optical parts and the 

non-coupling face arounci the optical coupling fac are 
different in hydrophilic and hydrophobic properties. 

7. A coupling method of optical parts accordina to 

any preceding claim, wherein an optical coupling material is 
attached to the optical coupling portion of the waveguide 
of at least one of the first and second optical parts« 

8. A coupling method of optical parts according to 
Claim 1 , wherein the optical coupling material is 

any one of polymethylmethacrylate, polystyrene, polyester, 
polycarbonate, polyolefin, styrene-methacrylate copolymer, 
styrene^acrylonitr ile copolymer ^ poly- 4- 
methylpentene-lpolyvinyl chloride, epoxy resin, polyimide, 
cross-linkable polyester, cross-linkable polyacrylate, 
silicone resin, istyrene, methacrylate, acrylate, acrylic 
compoiind, and isoqyanate. 

9. A coupling method of optical parts comprising the 
steps of: 

fixing edges of two optical parts 
separately from eacdi other; 

feeding a refractive-index imaging material 
having a function serving as an adhesive and fosnning a 
refractive-index distribution according to the intensity 
of light in a specified wave range to the gap between the 
edges of the two optical parts; and 

forming a refractive- index distribution with 
the focusing lens effect by applying the light in the 
specified wave range to the refractive-index imaging 
material from the edge of at least one of the two 
optical parts 

10 • A coupling method of optical parts comprising the 
steps of: 

feeding a refractive-index imaging material 
which has a function serving as an adhesive for optical 
parts and whose refractive- index increases according to 
the intensity of light in a sp cified wave range onto a 
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support; 

mounting two optical parts on the support 
by facing the edges of the two optical parts 
each other through the refractive-index imaging material* 

and 

forming a refractive-index distribution having 
the focusing lens effect by applying light in the 
specified wave range to the refractive-index imaging 
material from the edge of at least one of the two 
optical parts. 

11. A coupling method of optical parts comprising the 
steps of: 

attaching a refractive-index imaging material 
which has a function serving as an adhesive for optical 
parts and whose refractive index increases according to 
the intensity of light in a specified wave range to the 
edge of a first optical part on a support; and 

forming a refractive-Index distribution having 
the focusing lens effect by applying the light in the 
specified wave range from at least one of the edge of the 
second optical part fact that of the first optical 
part and the edge of the first optical part. 

12. A refractive-index imaging material comprising: 

a binder made of either of a copolymer having 
alicyclic epoxy, chain epoxy, organic denatured silicone, 
and ethylene unsaturated compound having a hydroxyl group 
in its end in the building block of the copolymer and a 
copolymer having any one of ethylene unsaturated compounds 
containing silicone in the building block of the 
copolymer; 

an photosensitive monomer made of a mixture including 
multifunctional acrylate or multifunctional methacrylate 
and an ethylene unsaturated monomer containing an aromatic 
ring or halogen; and 

a photopolymerization initiator. 

13. A refractive-index imaging material comprising an 
alicyclic or chain compound having an epoxy gr up, an 
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thylene unsaturated compound containing an aromatic ring 
or halogen, multifunctional acsrylate or multifunctional 
methacrylate, and photopolymerization initiator. 

14. A refractlve*index imaging material comprising 
organic denatured silicone, an ethylene unsaturated 
compound containing any one of an aromatic ring or 
halogen, multifunctional aery late or multifunctional 
methacrylate, and a photopolymerization initiator. 

15. A refractive- index imaging material according to 
Claim 1^, wherein the organic denatured silicone is any 
one of acrylic denatured silicone, methacryllc denatured 
silicone, and epoxy denatured silicone. 

16* A refractive-index imaging material comprising: 

a copolymer solution obtained by dissolving an 
ethylene unsaturated compound whose general expression is 
shown as "R^CHsCHCOOR," in which Rl is any one of CH3 and 
H and R2 is a chain or alicyclic compound group with 
carbon atoms of 1 to 4, an ethylene unsaturated compound 
containing silicone, and thermopolymerization initiator 
in an solvent and heating and agitating the dissolved 
substances; 

an ethylene unsaturated compound containing an 
aromatic ring or halogen to be added into the copolymer 
solution cooled up to the room temperature; 

multifunctional acrylate or multifunctional 
methacrylate to be added to the copolymer solution cooled 
up to the room temperature; and 

a photopolymerization initiator to be added to the 
copolymer solution cooled up to the room temperature. 
17. A refractive-index imaging material comprising: 

a copolymer solution obtained by dissolving an ethylene 
unsaturated compound whose general expression is shown as 
"RxCH^CHCOOR," in which R^ is any one of CHj and H and R, 
is a chain or ali^clic compound group with carbon atoms 
of 1 to 4, an ethylene unsaturated compound containing 
silicone, any one of multifunctional acrylate and 
multifunctional methacrylat , and thermopolym rization 
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initiator in an solv nt and heating and agitating the 

dissolved substanc s; 

an thyl n unsaturated compound containing an 

aromatic ring or halogen to be added into the copolymer 

solution cooled up to the room temperature; 

multifunctional acrylate or multifunctional 

methacrylate to be added to the copolymer solution cooled 

up to the room temperature; and 

a photopolymerization initiator to be added to the 

copolymer solution cooled up to the room temperature. 

18. A refractive-index imaging material for forming a 
refractive- index distribution by applying light in a 
specified wave range, comprising a thermosetting copolymer 
containing acrylate or methacrylate having a hydroxyl 
group at its end in the building block of the copolymer, 
an ethylene unsaturated compound containing an aromatic 
ring or halogen, multifunctional acrylate or 
multifunctional methacrylate, and a photopolymerization 
initiator. 

19. A refractive-index imaging material according to 
Claim 18, wherein the thermosetting copolymer has a 
substance containing chlorotrif luoroethylene, 
vinyl trimethylacetate, and acrylate or methacrylate having 
a hydroxyl group at its end in the building block of the 
copolymer. 

20. A refractive-index imaging material according to 
Claim 13, 14, 15, 16 or 17, wherein the ethylene unsaturated 
compound containing the aromatic ring or halogen is any 
one of allylcarbazole, methacryloyloxyethylcarbazole, 
aery loylethyloxy car bazole, vinylcarbazole , 
vinylnaphthalene, naphtylacrylate, trlbromophenylacxylate, 
dibromophenylacrylate, and phenoxyethylacrylate, or a 
mixture of any one of these compounds. 

21. A coupling method of optical parts comprising the 
steps of: 

holding the r fractive-ind x imaging material (105) 
as claimed in any on of Claims 12-20 between edges of 



-60- 



two optical parts faced each other; and 

forming a refractlve-lndex distribution having th 
focusing lens effect by applying light in a specified 
wave range to the refractive-index imaging material 
g from the edge of at least one of the optical parts. 

22. A coupling method of optical parts 
according to Claim 9, 10, 11, or 21 wherein each of the 
optical parts is any one of an optical fiber ^ waveguide, 
semiconductor laser, light-emitting diode, photodiode, and 

10 semiconductor light amplifier. 

23. A coupling method of optical parts according to 
Claim 9, 10, 11, 21 or 22, wherein a step of curing the 
refractive-index imaging material by applying light to 
or heating the refractlve-lndex imaging material Is 

15 Included. 

24* A coupling method of optical parts according to 
Claim 9, 10, 11, 21, 22 or 23 wherein the interval 
between the optical parts to be coupled is set to 0.1 
mm or more. 

20 25. A method for coupling optical parts substantially 
as hereinbefore described with reference to Figures 2 
and 3; 4; 5, 6 and 7; 8 and 9; 10; 11 and 12; 13 and 
14; 15 and 16; 21; 22; 23; or 24 of the accompanying 
drawings . 

25 26. A refractive-index imaging material as claimed in 
claim 12 substantially as hereinbefore described. 
27. optical parts coupled by the method as claimed in 
any one of claims 1-8, 9, 10, 11, 21, 22 or 23. 

30 
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